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EFFECTS OF THE SIX ENGINE 
AIR BREATHING PROPULSION SYSTEM 
ON SPACE SHUTTLE ORBITER SUBSONIC 
STABILITY AND CONTROL CHARACTERISTICS 
(0A71C) 

By 

R. C. Mennell and T. Soard 
Rockwell International, Space Division 


ABSTRACT 


Experimental aerodynamic investigations were conducted on an 0.0405 
scale representation of the -89B Space Shuttle Orbiter in the Rockwell 
International 7.75 x 11.00 Foot Low Speed Wind Tunnel during the time 
period September 4 - 14, 1973. The NASA designation for this test was 
0A71C. 

The primary test objective was to optimize the air breathing propul- 
sion system nacelle cowl -inlet design and to determine the aerodynamic 
effects of this design on the orbiter stability and control character- 
istics. Nacelle cowl-inlet optimization was determined from total pres- 
sure - static pressure measurements obtained from pressure rakes located 
in the left hand nacelle pod at the engine face station (see figure 3). 

After the optimum cowl-inlet design, consisting of a 7® cowl lip angle, 
short cowl, 7* short diverter, and a nacelle toe-in angle of 5® was select- 
ed, the aerodynamic effects of various locations of this design were in- 
vestigated. The 3 pod - 6 nacelle configuration was tested both underwing 
and overwing in three different longitudinal locations. Orbiter control 
effectiveness, both with and without nacelles, was investigated at eleven 
deflections of 0®, -10®. and +15® and at aileron deflections of 0® and 
+10® about 0® eleven. 

The orbiter model was sting mounted on a 2.5 inch diameter internal 
strain gage balance entering through the base region. The nominal angle 
of attack range was -4® <. a £ 30®. Yaw polars were investigated over 
the beta range of -10® < 3 < 10® at fixed angles of attack of C® and 

I u • 
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INDEX OF DATA FIGURES (CONTINUED) 






NOMfllCLATURE 

General 


MBOL 

SADSAC 

SYMBOL 

DEFINITION 

a 


speed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; - p«)/<l 

M 

MACH 

Mach nund>er; V/a 

P 


pressure; N/m^i psf 


Q(NSM) 

»1(PSF) 

dynamic pressure; l/2gV^, N/m^, psf 

rh/l 

rn/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

angle of sideslip, degrees 


P8I 

angle of yaw, degrees 

0 

PHI 

angle of roll, degrees 


masB density; kg/m^, sluge/ft^ 
Reference & C.G. Definitions 


Ab . 

b BREF 

C e 

/ref LREF 

? 

s SREF 

MRP 
XHRP 
YMRP 
a«p 


base area; ft2 

wing span or reference span; n, ft 

center of gravity 

reference length or wing mean 
aerodynamic chord; ft 

wing area or reference area; m^-’, ft ’ 

moment reference point 

moment reference point on X axis 

moment reference point on Y axle 

iBoment inference point on Z axis 


SUB8CRIPTO 

b 

I 

a 

t 

<e 


base 

local 

static conditiono 
total emidltions 
free etreaw 


( 
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SADSAC 
SYMBOL SYMBOL 



CN 

Ca 

CA 


CY 

^Ab 

CAB 

^"'Af 

CAP 


cm 

Cn 

CYH 


CBL 

^L 

CL 

Cd 

CD 


CDB 

^'Df 

CDF 


CY 


cm 

0 

n 

CLN 


CSL 

l/d 

l/d 

L/Df 

l/df 


NOMENCLATURE (Continued) 


Body-Axis System 


DEFINITION 

normal -force coefficient; ^orce 

qS 

axial-force coefficient; ^xlal force 

qS 

side-force coefficient; side force 

qS 

base-force coefficient; ,. ^9r . 9 2. 

qS 

-Ab(Pb - P®)/qS 

forebody axial force coefficient, 
pitching-moment coefficient; pitching moment 

yawing-moment coefficient; 
rolling-moment coefficient; 


Stability-Axis System 

lift coefficient; iiP 
qS 

drag coefficient; 

qS 

base-drag coefficient; 

qS 

forebody drag coefficient; Cp - 

side-force coefficient; side torce 

qS 

pitching-moment coefficient; pltcUing m . 9 !ncnt 

'‘‘XREP 

yawing-moment coefficient; 

rolling-moment coefficient; 

llft-to-drag ratio; Cj/Cp 
lift to forebody drag ratio; 
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NOMENCLATURE (CONTINUED) 
ADDITIONS TO STANDARD LIST 


SYMBOL 

SAOSAC 

SYMBOL 

DEFINITION 

a 

DCY/DA 

side force derivative with aileron deflection, 
per degree 

'‘»a 

DCBLDA 

rolling moment derivative with aileron deflection, 
per degree 

‘"«a 

DCYNDA 

yawing moment derivative with aileron deflection, 
per degree 

'»6 

DCY/DB 

side force derivative with sideslip angle, per 
degree 

C«,g 

OCBLOB 

rolling moment derivative with sideslip angle, per 
degree 

Cna 

DCYNDB 

yawing moment derivative with sideslip angle, per * 
degree 

^n*aft 

CLMAFT 

pitching moment coefficient about aft C.6. limit 

^Wfwd 

CLMFWD 

pitching moment coefficient about forward C.6. limit 

XCP/4 

XCP/L 

longitudinal center of pressure location, fraction 
of body length 

ACa 

DCA 

incremental axial force coefficient 

"CAb 

OCAB 

incremental base axial force coefficient 

Ka 

Af 

DCAF 

incremental forebody axial force coefficient 

ACq 

DCD 

incremental drag coefficient 


OCOF 

incremental forebody drag coefficient 

ACl 

DCL 

incremental lift coefficient 
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NOMENCLATURE (CONCLUDED) 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 


DCMAFT 

Incremental pitching moment coefficient about aft 
C.G. limit 


OCMFWO 

incremental pitching moment coefficient about fwd 
C.G. limit 


OCN 

incremental normal force coefficient 

'a 

AILRON 

aileron, total aileron deflection angle, (left 
aileron - right aileron)/2; degrees 


ELEVON 

eleven, surface deflection angle, positive 
deflection, trailing edge down; degrees 


BDFLAP 

flap, surface deflection angle, positive 
deflection, trailing edge down; degrees 

NACX/L 

NACX/L 

nacelle longitudinal location {% Lq) 

LIP 

NACLIP 

nacelle cowl lip angle; degrees 

NAC^ 

NACBTA 

nacelle toe-in angle; degrees 





i 


i 

I 

! 


CONFIGURATIONS INVESTIGATED 


The model used for this test period was an 0.0405 scale representa- 
tion of the Rockwell International -89B Space Shuttle Orbiter. The basic 
model Is of the blended wing-body design utilizing a double delta wing 
(75V45® Al.e,)» full span elevons (with unswept hingellne), a centerline 

vertical tall with rudder and/or rudder flare capability, a canopy, ano 
a manipulator arm housing. To complete this orbiter ferry configuration 
air breathing engine nacelles were located In various groupings and lo- 
cations on the wing and fuselage as per dwg. SS-A00138. All model com- 
ponents were per the -898 configuration except for the fuselage lines 
from station 1307 aft (which are ATP configuration), the various engine 
nacelle groupings and locations, and the ce«.terl 1 ne vertical tall. 

The orbiter model was constructed either of wood and/or aluminum 
and was mounted on the Task Corporation 2.5 Inch MK IX Internal strain 
gage balance. The left hand engine pod was Instrumented with an 8 tube 
static pressure and 17 tube total pressure rake In each nacelle. This 
pressure monitoring rake was located at the engine face station and was 
used to determine engine pressure recovery efficiency. The pressure 
rake orientation Is per figure 2C. 

For this test period the following nomenclature was used to desig- 
nate the various model components: 

Description 

-898 fuselage 

-898 canopy 

-898 manipulator arm housing 

Full span eleven used on wing Wg 7 

Body flap used on fuselage 8] 5 

Air breathing propulsion syi^^ems consisting of 
various nacelle groupings avj locations. See model 
dimensional data. 

Rudder used on vertical tall V 3 

ATP centerline vertical tall 


12 


Component 

Bi6 

D7 

^18 

J 25 thru 39 

R3 

V3 
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CONFIGURATIONS INVESTIGATED 
(CONCLUDED) 


Component 

“87 

Xg 


Xio 


Description 

-89B double delta wing (75“/45® L.E.) 

Transition grit located on model nose and all 
swept surfaces. 

Transition grit located on model nose» all swept 
surfaces* and ABPS nacelles. 


DATA REDUCTION 


The aerodynamic force and moment data were measured by the Task 
Corporation 2.5 inch MK IX strain gage balance. The data have been cor- 
rected for model base and balance chamber pressure effects, nacelle 
internal drag, model blockage influence on tunnel dynamic pressure, wall 
interference effects, sting and balance deflections, and model weight 
tare. 


The corrections made to axial force were accomplished in the follow 
ing manner; 

CAf = Ca - C/^gQ - Cajj - Ca^ - Caj 


where: 



Pb = V5(Pb, + . . . + Pbg) 


% 


& 


Nacelle internal drag correction 
Model axial force weight tare 


i 
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DATA REDUCTION (CONCLUDED) 


The pressure data obtained from the nacelle engine face rakes were 
reduced to ^ Psi -»8 ' for all static pressures and to Pt^u/Pt for all 

total pressures. 

The following reference dimensions were used for reducing all aero- 
dynamic data to coefficient form: 


Symbol 

Definition 

Value 

Ab 

Area of base, ft^ 

0.51939 

abc 

Area of balance cavity, ft^ 

0.13635 

Sw 

Area of wing, ft^ 

4.4123 

XMRP 

Center of gravity, fus. sta. (fwd)( 66 % Lb) 
Center of gravity, fus. sta. (aft)( 68 % Lb) 

43.5974 

44.6731 

ZMRP 

Center of gravity, waterplane 

16.2000 

lb 

Length orbiter body, in. 

53.7840 

Cw(LREF) 

Wing MAC, in. 

19.2300 

Bw(BREF) 

Wing span, in. 

37.9350 

% 

Axial force correction for *125-^35, 37, 38 

0.00247 

Axial force correction for J 35 

0.00165 


Axial force correction for 039 

0.00082 

^Am 

Pitching moment about fwd C. 6. correction 
for J 25 H. 34 , 37 

0.00081 


Pitching moment about fwd C.G. correction 
for J 35 , 38 

0.00035 


Pitching moment about fwd C.G. correction 
for Jjg 

0.00054 


Pitching moment about fwd C.G. correction 
for J 39 

0.00027 
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TEST FACILITY DESCRIPTION 


The North American Aerodynamics Laboratory (NAAL) 7.75 x 11-Foot 
Wind Tunnel is a continuous flow, closed circuit, single return type tun- 
nel capable of speeds up to 200 miles per hour. The test section is vent- 
ed to atmospheric pressure and is 7.75 x 11 feet wide by 12 feet in length. 
Power is supplied by a 1250 horsepower nacelle mounted synchronous motor 
driving a 19 foot, seven blade, laminated birch propeller. The airspeed 
is controlled by varying the degree of coupling between the motor and 
propeller by means of a magnetic clutch. A damping screen and honeycomb 
section in the settlino chamber upstream from the contraction cone (ratio 
7.53 to 1) minimizes turbulence in the test section. The NAAL Wind Tunnel 
has been in operation since June 1943 and calibrations are available over 
a wide range of test conditions. 

Tests may be conducted using a variety of mounting systems, e.g.; 
a single strut, double strut, sting strut, reflection plane, cable sus- 
pension, and two dimensional wall. Aerodynamic data may be measured by 
a planar type external balance system or sting mounted internal balances. 
An Astrodata Automatic Data Acquisition System is used to collect, multi- 
plex, digitize, and record 50 channels of force and/or pressure data on 
magnetic tape. This data is then rapidly reduced and plotted using auto- 
matic data processing equipment and an automatic digital plotter. 


TABLE I 














TABLE II 

-AJ/iAL 7JZ I data sft/riin numrfr rni i atiom <;ummary [daTE : yz^/73 
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TABU III. 

MODEL COMPONENT DIMENSIONAL DATA 


MODEL COMPONENT: BODY « 

• • 

GENERAL DESCRIPTION: -8GB Fuselage 


Scale Model 


DRAWING NUMBER: 

VL72-000089 



DIMENSIONS: 


FULL-SCALE 

MODEL SCALE 


Length .. in. 

Max. Width 
Max. Depth -in. 

Fineness Ratio 
Area 

May. Cross*>Sect1ona1 
Planform 


1328.30 


248.00 


3SS.28 


S3.798 


10.044 


0.583 

4 
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TABLE III (Continued) 


MODEL COMPONENT: 


Canopy CS 


GENERAL DESCRIPTION: -89B Canopy 


Scale Model ** 0.04 OS 


DRAWING NUMBER: 


VL70-000092 


DIMENSIONS: 


FULL-SCALE 


MODEL SCALE 


•length 
Max. Width 
Max. Depth 
Fineness Ratio 


Ha)(. Crossf Sectional 

Planform 

Wetted 


Sta. Fwd. Bulkhead, fus. sta. 
Sta. T.B. . fus. sta. 


391.00 

560.00 


IS. 836 
22.680 








TABLE III (Continued) 




HODEL COMPONENT: BODY - Manipulator Housing D-7 

' GENERAL DESCRIPTION: 1^ Configuration, Light WT. Orbiter Per Lines 

VL70-000093 


Scale Model: .0405 

DRAWING NUMBER; VL70-000093 


DIMENSIONS: 


FULL-SCALE 


Length » in. 
Max. Width in. 
Max. Depth in. 
Fineness Ratio 
Area 


Max* Cross-Sectional 

Planform 

Wetted 

Base 

Cl Fuselage, BP » 0.0 
WP - 500.0 in FS 
X« - 426.0 to 1307.0 


881.00 

51.00 

20.00 


MODEL SCALE 

35.681 

2.066 

0.810 
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TABLE III (Continued) 
HODEL COMPONEHT: Elevon E18 


GENERAL DESCRIPTION:- Unswept Hingeline Elevon used on Wing W87 


-Scale Model - 0.040S 


.... / ... 

DRAWING NUMBER: 


VL70-000093 


DIMENSIONS: 


Area -ft' 


Span (equivalent) 

Inb'd equivalent chord 
Outb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back ^gles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 

Area Moment (Normal to hinge line) ft* 


2S 


FULL«SCALE 


MODEL SCALE 


20S.52 

0.337 

3S3.34 

14.310 

114,78 

4.649 

SS.OO 

2.228 

• 

0.208 

0.208 

0.400 

"0.400 

0.000 

0.000 

-10.020 

-10.020 

0.000 

0.000 

1S48.07 

2.S39 
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TABLE III (Contliiued) 
Body Flap - PI 


model COMPONENT: 

' GENERAL DESCRIPTION: Body flap Located on Lov/er Aft Portion of 




Fuselage Trailing Edge 


/ 


• I 

j 


Scale Model * .040S 


i 


• DRAWING NUMBER 



VL70-0Q0003A 


fllMENSIONS ; 


.FULL-SCALE 


Length in. 

« 

Flap 1* * E ■ Fus. Sta * in* 
. Flap T.E. Fus. Sta. in. 

a 

. Span in. 

Area ft^ 


236. S4 

1S28.30 

16S0.S6 

236. S4 


Ma:(. Cross-Sectional • ’ 

Planfonn • 199.75 

Wetted • J 

Base ’ : ’ 
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MODEL SCALE * 

« a 

9.S80 

61.896 

66.848 

9.S80 


0.32$ 


J. 


i 

I 

i 


♦ 

t • 

f 
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DRAWING NUMBER : , 88-AOOI2 


DIMENSIONS (8AC8 KACSIUB) 


FULL SCALE MODEL SCALE 


Length - Jxk, 
Max Width • fit* 
Mox Depth " fit* 


66.00 


2.673 


Fineness Rotio 
Area . 


Max. Cross-Sectianal 
Capture 


1900.92 


3.118 


Wetted 


BsesUe 8ta* 0*0 • 


mag Bods 


C Bod 


Hotel Ste* - fit* 

• Ikid 

Battoek BUm - fit* 
fiteitenee - teg* 


30*475 30*475 

10*0hl 10*041 

* U *$83 4 8*910 

“ 3.933 3.933 




TABLE HI (Continued) 


MODEL COMPONENT: AIR EREATBINQ PROPULSION SySTEM « J gy 

GENERAL DESCRIPTION: Six undervlng engloes InstaUed In three nacelle poda. 

hfla l on ff eftwl. Qp or 7^ eovl llp angle, short flow diverter, 0 ^ divert er 

.. lip ftn g in . ■ ■ ■ - ■ ■ — ■ — — 


MOBBL..SfiUaa!t . ■ft.ObOg 

DRAWING NUMBER: 

SS-AD01-^__. 




DIMENSIONS: (EACH NACELLB) 


FULL-SCALE 

MODEL SCALE 

Length - Xn. 


' 234.50 


9.092 

Max. Width - In* 
Max. Depth • In. 
Fineness Ratio 
Area- Ft® 


66.00 


2.673 


66.00 


2.673 









Max* Cross-Sectional 

2737.30 

•PM 

4.490 

■'CAptvure 

Wetted 

Base 


1900.92 

— 

3.118 



• 


Wing Bods 

^POD 


nacelle Sta. O.O S 

Outb'd 

Ittb«d 

Left 

Rlid^t 

Itodel Sta - In* 
Vaterplano - In* 
Buttock IOaum - 111. 
Incidence - Deg. 

38.475 
10.041 
•«> U.563 
" 3.933 

38.475 

10.041 

4 8.910 

“ 3.933 

38.475 

9.434 

1.342 

3.933 

4 1.342 

3.933 
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TABLE III (Continued) 


model COMPONENT: AIR BREATHIH a raOHJLSlOILSTSTKM 


GENERAL DESCRIPTION: engines inatnUe^! thl^ee 

Twi»». h»» fti» *y?_enwi H^->.anff1ni lnng . f . loit .. rtlvftrt ft s i i 0** rtiv nB t ar 

t<n imgle. - 


NtpPSLSC.VI.L-8 0>0»H)S, 


DRAWING NUMBER: sg^AOQlRO. 

DIMENSIONS : (EACH NACELLE) 


FULL-SCALE 


MODEL SCALE 


Length - 3^* 

Max. Width - itt. 

Max. Depth - Xu* 

Fineness Ratio 
Area - 

Ma.>s. Cross Sectional 
Capture 

Wetted 

Base 




MSS. 


66.00 


2.673 


66.00 


2.673 


2737.30 


4.490 


1900.92 


3.118 


Wins Bode 


%»>d 


Nacelle 8t«u 0*0 f 

Outbid 

mb*d 

Left 

RiBbt 

ModoL Sta*- Xa* 
VUtorpIano - Ln» 
Buttook PXuno • Xa» 
Inelilonee » Dag* 

10*0)0. 
4 U .$83 
** 3 . 9.33 

38 *h 75 

10*04X 

♦ a.pio 
" 3.933 

38 *HT 3 

- I* 3 hW 
3.933 

♦ 1 * 3 )»S 
3.933 
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TABLE ni (Continued) 

MODEL COMPONENT: AIR BREATHIBG IROTOLSION 5TST£M « Jg 


GCNEf^L DESCRIPTION: Six ondervlng engines InotaXled In three aacelle ppde«_ 


lias snort cow 


llD au/Tle. short flow divertor » 7^ diverter 


SCATJ5_« 


DRAWING NUMBER: 


DIMENSIONS ; (EACH MACEltE) 


FULL-SCALE 


MODEL SCALE 


Length . in. 

Max. Width - Bu 
Max. Depth - Bi. 

Fineness Ratio 
Area - 

Max. Cross-Sectional 
P4an#erm Cbptor* 
Wetted 


Base 


Model Stn. - In. 
WaterplJUM • Bn. 
Buttoek lOaae • Bn. 
Ineldenee - Dog. 


66.00 

66.00 


2737.30 

1900.92 


2.673 

2.673 


4.490 

3.118 


l^Bg Bods 
Oatb*d i;nb*d 

38.475 38.475 

10.04I U).04l 

•*- U.583 ♦ 8.910 
“ 3.933 3.933 


CFod 

Left Riant 

38.475 38.475 

9 . 4 ^ 9.4» 

1.342 ^ 

3.933 3.933 


O 
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TABLE III (Continued) 

MODEL COMPONENT; air BaEA>mTwn TOni^iT.sYn?i SYrypEM . Jjq 


3£M%AL DESCRIPTION: <.^jinx1evitiq^,e t^:.t:»9 twtnllrtd Au Uvr^d k^attitUfl . 

pods> lolet Las abort cowl. covl llp angle, long fXov dlVjferter . 7<> 
diverter li» angle* 

MODEL SCALE « 0.04Q5 

DRAWING NUMBER; 88-AOQl^O 


DIMENSIONS; (EACH NACELLE) 


FULL-SCALE MODEL SCALE 


Length - In. 

Max. Width • In* 

Max. Depth • In* 

Fineness Ratio 
Area- Ft^ 

Max. Cross-Sectional 
Capture 

Wetted 

Base 


' gQQ.*>l 
AX nn 
66.00 


2737.30 

1900.92 


OJlfiS 

. 

2-673 _ _ 


4.490 

3.118 


i 


WaceXle 8ta« 0«0 0 


Wing Rids 
OutTi i tob»d 


t.Bod 

Laft Ri ght 


Model 8ta. - fit* 
Waterplane - Xd« 
Buttoek PLane - In* 
ZUeldenee - Sag* 


38.4,75 38.475 

10.041 10.041 

* U.563 * 8.930 
■* 3.933 3.933 


38.475 33.475 

9.434 9 . 4 ^ 

. 1.3^ * 1.3^ 
3.933 3.933 


’ f 
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TABLE III (Continued) 


KOOEL COMPOKENT: 


GENEIVVL DESCRIPTION: 


mmx. SCAT 


DRAWING NU.M3ER: 


DIME NSIONS : (BACH NACELLE) 


FULL-SCALE 


MODEL SCALE 


Length - in* 

Mex. Width - In. 

Max. Depth - 
Fineness Ratio 
Area - 

Nax> Cross-Sectional 


Capture 


Wetted 


66.00 

66.00 


2 737.30 

1900.92 


2.673 


4.490 

3.118 


WsjiclXc Sta. 0. 0 


Wing Pods 
Otttb*d 3Wb*d 

38.475 38.475 

10.041 10.041 

* U.583 ♦ 8.910 

3.933 " 3.933 


f.Bod 


Left 

38.475 

9.434 

• 1.342 

3.933 


Right 

38.475 

9 . 4 ^ 

•f 1.342 

3.933 



TABLE III (Continued) 


MODEL COMPOlIKin’: MR J32 

general DESCRIPTION: Six undeirvlng engin e s Inotal Xed in three nacelle pod?,*.,. 
Inlet iMU short covl, 7 ^ covl l ip an gle , no «^y?irter^_ gap betvee n engin es 

closed a station 0»4 inches, scale, behind 

cowl Up). 

MODEL SCAUi: 0^.0405 

DHAWING NU!£1KR: 

DI^^QIIS (EACH NACELLE) 


leogUi - In. 

Mvc. Width • Li. 

Max. Depth • m. 
Fineness Ratio 
Area - Pt^ 

Max. Cross-Sectional 
Capture 




FULL-SCALE MODEL SCALE 


^•51. 

66.00 


66.00 


2737.30 

1900.92 


WLng Pods 


^n>d 


Nacelle Sta. 0.0 d 

Outb'd 

Inb»d 

Model Sta. - In. 

38.475 

38.475 

Waterplano - In. 

X0.041 

10.041 

Buttock Plane - m. 

U.563 

f 8.910 

Incidence - Deg. 

3.933 

" 3.933 


Left 


9.434 

1 


3.933 


34 


8.405 


.2._613^ 

2.673 


4.490 


3.118 


Righ t 

1 :!:^ 

> 1.342 

3.933 










■irJWlUJ J » 




TABLE III (Continued) 

riOCEL COMPONENT: atr BREA>mTtfo PRomsiot! 


GENE^l DESCRIPTION: a-tv undarviiig ftm^teea ina balled in three naceHQ-HQdaj. 

Tnlct has short eovl^ 7<> eovl llP aoirle^ ha a^v»y»AgJ■ v^1•.h p|np hahMe^n 

carAiioa closed (from m eollg L.S. to n. station Q.U Inehaap n>ndel scale .^-behind 
covl Xip)^ co'fX Up radius loereased on outboard engines* 

MOnRt. SfiALB Q^QtoS — 

DRAWING NUMBER: 83«;i00139 


DIMENSIONS : (EACH NACELLE) 

Length- Za* 

Max. Width - ln« 

Max. Depth - Xa« 

^ Fineness Ratio 
Area -Et? 

Max* Cross-Sectional 
^ Capture 

Wetted 


FULL-SCALE 

' 209»51 

66.00 
66.00 


2737.30 

1900.92 


MODEL SCALE 

a.48s 
2.673 
2.673 


4.490 

3.118 


Base 


Nacelle Sta« 0»0 61 

Model Sta* • Za* 
VhterpXane - In. 
Buttock nasie • 
Zncldonee - Deg* 


Wing 

Ibds 

ftPod 


Outbid 

ZPbM 

Ifitt 

Right 

38.475 

38.475 

38.475 

38.475 

10.041 

10.041 

9.4^ 

9.434 

•f U.563 
3.933 

4> 8.910 

“ 3.933 

- 1.342 ♦ 
3.933 

1.3te 

3.933 



TABLE III (Continued) 


cVO?. . COi'PONEM: AIH BRgATMItlO PROPULSION SYSTEMS » 

C'ESCRIPTION: Six undendog eoglnes Installed In three naceUe pods* 

lulet has abort covli 7^ covl .Up angle> ehort flow dlverter> 7^ diverter 
lip angle> cou!L lip mfllue Increased on outboard englnee« 

MODEL SCALEt 0«0>»05 -• 


DRAWiNG WUy:^ER ; 88-A00139 


DIMe\S?.C?<$ t (EACH HACatE) FULl«SCAU 

Len 9 th - In* - 

Max. «^.dth - In. 66.00 

Max. 0e?th - lb. 66.00 _ 

Fineness Ratio - 

Area - 

Max. Cross-Sectional 2737.30 

- Capture 1900.92 

Wetted -- 


MOOEL SCALE 


8.4Sg 

un 

uaa— 


4.490 

3.118 


Base 


Mscelle Sta. 0.0 41.. 

ModeL Sta. • In. 
WaterpLane - In. 
Dattock Plane - Ibi. 
Soeidonec - Deg. 


Vlng ibAs 
Outb*^ ^*4 


38.475 

10.041 


38.475 

10.04X 


♦ U .583 i 8.9J^» 

3.933 3.933 


9, Pad 

left Right 

38.475 38.475 

9 , 43 b 9*434 

1.342 1 . 34 a 

3.933 3.933 
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TABLE III (Continued) 

U MODEL DIMENSIONAL DATA 

f 

MODEL COMPONENT : atr BSKATIHWG PRQEOLSION SYSIHIM .=■ Jac 

GENERAL DESCRIPTION • Two under ving (L etuiaas and. four overyj,ng._ 

Installed In P0d3. — PQvX, .. /„^ov l, 

Ito an>tle« short flov tlve3rter, 7^ i^ive vtAy Hn n.n,jrii. gqvI Up radius 

^»v■»r^ftaaft<i rtti rt»t.h*d <-!niTtne onlv,. ■ — ■ ■ 

DRAWING NUMBER : ^^«./LQD132 : : 


DIMENSIONS •• Each Nacelle: 


FULL SCALE MODEL SCALE 


1 


^ jv 


Length • Iti* 

Max Width - in* 

Mox Depth - ln» 

Fineness Ratio 
Areo - 

Mox. Cross-Sectional 
Capture 


Wetted 


Bose 


NiiCoUe Sta» 0»0 ® 

Model 3ta* » la* 
Waterplane - In* 
Buttock plane • In* 
Incidence 


Wing Pods 
Outbid lnb*d 

38**^75 38.475 
15*390 15*390 
+ 11*583 1 8.910 
" 0.0 0.0 


209^^51 

8.405 

66.00 

2.673 

66.00 

2.673 


2737.30 

4.490 

1900.92 

3.118 


■ 

<LPod 

Left 

Right 

38*475 

9.434 
- 1.342 

3*933 

38*475 
9*434 
+ 1*342 

3*933 
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TABLE III (Continued) 


MODEL COMPOlffiK-?.* AIR BRSATFINO IROimSIOa SYSTS53 - J 


36 


GXinSRAL DESCRIPTIONj i’otur xmdei^ng tw joacelle , , 

p odst Inle t lias abo rt c ovl, 7*^ covl lip angle > short .flow diverter# 7® diverter 
lip .angle# cowl lip raditts increased on outboard engines* 


MODEL SCALE: 0»Q40 5 
DRAWING hum: 

DIMJSKJIONS (EACH JIACELL)^ 
Length - In* 

Max. width - In* 
lixx* Depth • In* 

Fineness Ratio 
Area - pt^ 

Ifax* CrosS'Sectioual 
Capture 


&S-AOOI 39 


Khcelle StA. 0*0 @ 


Model Sta* > In* 
Waterplane - In* 
Ei;ttock Hanc - In* 
Incidence • Deg* 


38 


PHLL-SC^E 
809. $1 
.„. 66 . 00 „ 
66.00 


h^DEL SCA^ 

2.673 

2.673 


2 737.30 

1900.92 


4.49^ 

3.118 


Wing Pods 


Outb*d 


Inb’d 


38*475 

10*04l 

+ 11.583 

3.933 


30.475 

10*041 
+ 8*910 
3.933 


k 





-7^ 










TABLE III (Continued) 

KOD!2L C0M»?0H3NT: Alll JJKBAHJXKa 

i 

general DSSCRIPnON: ExternaX Unes sinaiLatloJi of six undecyins engines 

installed in three laice^ poda^Hp^^ M diverter. 

Ibd is a c^pletely__l«^low,_f^^^^ - - 

MODiiL SCALE: 0.0li05 


DR/vWING NUMBER: 

piJBKSIpNS (EACH HACELLE) 

Lensth - la. 
mx. Width - In. 

Mix. Depth - In. 


SS- A0013 9 


FUIL-SCALE 

..209»51-— 

66.00 

66 . 00 ~ 


MODEL _SC^ 

„6.485_. 

2.673 

2t6 . 7 ,3_ 


E'ineness Ratio 
Area - 

Max Cross-Sectional 
Capture 


f^aeelle Gta. 0.0 ^3 

Model Sta. - In. 
Watcrplaue - In. 
Buteock Plano - m. 
Incidence - Deg. 


2737.30_ 

190^.92 


4.490 

3.118 


Wing Pods 


Inb*d 


Outb*d 

38.^^75 

lO.04l 

+ 11.583 
■" 3.933 


33.*^75 

10.041 

+ 8.910 

3.933 


^Pod 


Left 

38.475 
9.434 
- 1.342 

3.933 


Ritdit 

38.475 
9.^34 
■»•. 1.342 

3.933 
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TABLE III (Continued) 

MODEL COMroJlEN'.l?: AIR .DRE/mUKG P«OFJLSXON SYSTfflC - J33 

OEi'OilllAL D.'i 3 CRIFTION: Exteiml alaidablou of two underwlii(X <?. cnsino.-*. aud four 

overvir^ en^.inoo inoteXled in_^irfie naceJ^e intarml Hues, no cowl 


or divertor* Rsd is a completely hollow, flow-thrpufih .tube. 


MODEL SCALE: 0.0»K)5 
DRAWING NUMSSR: 

SS-AOOI 39 


DBIENSIOITo 


MODEL SCAU? 

licn^tii - In. 

Ji09.5l 

8.485 

Max. Width - In. 

66^0 

2.623. 

M'.x. Itepth - In. 

66.00 

2- 673.. 

Fineness Ratio 



Area - Ft^ 



Mix Cross -Sec t.ioiwl 

2737.30^ 

.4 ..4 .90 . 

O’.pture 

1900.92 

3.118. 


Wins Pads <f Pads 


Ificell f>ta. 0«0 V? 

Oi.itboard Ijnhoanl IiOft 

Ris^t 

Model Sba. - In. 
\iitorplano •• In. 
Buttock ITi-ano - In. 
Incidence - Iteg* 

38.>^75 38.475 

15.390 15 . 3 LX) 0.0 

+ 11.583 + 8.910 - 1.342 

3*933 " 3.933 3.933 

38.475 

0*0 

+ 1.342 
3.933 
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TABLE III (COnttnued) 


MvMy.SCt AVK V'UI'U'''iO:?{<} i A'AlUAiUON UWl'Al - 

no>:v'rvTPnO»{ Two uvii^inAii AnutalUnl Ju os\o f. «‘V<M?U 0 i>aa. 

Xulofe Im fij'.ovt covl, «MV.l li\> ahtvrt ilur lIAvsH'Ivv, Y" aivAM'toi* 


utv .lo« 

Mo.m ixuusi o.oHojs 

IXvAWTJs'v} WWUaI-'Ui 


i>nV«;W\ - Iu« 
i4\s. math - a:»\. 

JiiLXX. IXjptU - Xrt* 

]>Mftoixoi>a ^^tlo 
Ax*e» ^ Xi\» 

^SvK* (SfOS'O-SJawtAoiJal 






KUU‘raaAV,lR 


eoo.hX 

wmw V." . f Vv*--. *• ■• 



2737.30 


1900,9?. 


Mowr* aoAhK 

?.h73 


, ^‘490 „ 
3.118 


Sl v, 0.0 'f'>. 




}l>vU'1, iitA. • Xix. 
mtOi'iVhxuo - ’Ox. 
l3^vx^took PAmw* Xtx. 
X>\olxV^no« •' IXus. 


Ojd 


IjeCt 




3B.Vf5 

- 

3 aV »33 



<♦' 1.3H0 
3.933 


TABLE III (Continued) 


MODEL COMPONENT: Rustier - R 3 

GENERAL DESCRlrilON: vortical Vj 


-MQ.dcJ_Sc ale =.0405 

I 

DRAWING NUMBER: 


DIMENSIONS: 


FULL-SCALE 


Area- a ft of hingeline, ft^ 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingcl ine 

Area Moment (Nonna 1 to hinge line) 


11S.63 


221.34 

97.09 

52.02 


iLJLM 

0.400 


34.889 



647.77 


(Product of area mean chord) 


MODEL SCALE 

0.190 

9.045 

3.932 

2.107 


0.400 

0.400 


34.889 




34.889 


0.04 3 
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TABLE III (Continued) 


MODEL COMPONENT: 


Vertical V3 


GENERAL DESCRIPTION: Contorllne vertical used on body B iZ 
double wedge airfoil with rudder/ speed brake 


Scale Model .0405 




DRAWING NUMBER ; 
DIMENSIONS : 

TOTAL DATA 


FULL-SCALE 


404.95 


32.0 5 
289. 8lS 
1“. 565 

— rrsoT' 
^.“f3T 


( 

Lo,Il 

( 

). 0 


Area - ft 
Planfom 

Blanketed (inc above) 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diohedral Angle, dcyiccs 
Incidence Angle, degrees 
Aerodynamic Tv/ist, degrees 
Toc-I»i Angle . 

Cant Angle - dog'. 

Sweep Back Anglos, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root l‘»P 520.00 
Tip, (cquivalcnt)WP 809.885 
MAC 1\T 645.875 
Fus, Sta, of .25 MAC 
W.P, of .25 MAC 
B.L. of .25 MAC 
Airfoil Section S'* Half Angle Doublir^v7rjy-c“with 

Root L.H. = 1.6-i local chord. 

Tip 

EXPOSED DATA 


45.00 

4f.l~50 

258.350 

**TT2Tr2T 

194.8 ST 

(T4‘57S7ir 

0 . 1 ) 


MODEL SCALE 


0.664 

— 

TTTTTO' 


TTiOo 

■O'or 

“T43T 


0.0 


0.0 


45.00 
"70. 5bl 
TiTBl}' 

10.463 

”7r3"4T 


60.457 

■2bTT5T 


0.0 

roMndird" 


i' 

W 


Area 

Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Pus. Sta. of .25 MAC 
W.P. of .25 MAC 
D.L. of .25 M.AC 
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TABU in (Cuntlnuiid) 


CMiJlUt. IX'JaCRIPrXON'^ Grit Xoc»i«d m aurt^ces to 

jj^widv-' forced bowudar^ 

MOI^Ji HCAW; 0.0l»05 

».w.-. -s-a 

ijmimvxoriijj 

Hoiaitwil ^rit height, in» 
f\\aeluge 

All BWfaaea except iviaelifcgo 
Sti'ip tliickijccs, iu. 

liOCiutiou, iuchea (atreNMUwlse) ui't of local 


MOm. S CALli 
« 0076 

oao 

1.0 


leadiug edge 












TABLE III (Continued) 


^{f>T>CT. CO^SX)KEN'^J B0URI)AI'),\ ^.\0 

GENERAL DESCRIPTION: ft'it located on jjoda no»e and all r.wpt aurftxces and 

_p.fiS mceUeg .to pwvide. forced bovmdery layer transition. 


MODEL SCAIE: 0.040> 
DIMENSIONS; 


MODEL SCALE 


Nominal fiX'it height^ in. 

Fuselage 

All surfaces except fuselage 
Strip tlJickness, in. 

Location^ inches (streomvise) aft of local 


0.0054 

0.0076 

0.10 


1.0 


Icadiuti 


TABLE III (Concluded) 


MODEL COMPONENT: Wing, WS7 

GENERAL DESCRIPTION: Double Delta Wing (7£*/4S^ ALE) 




Scale Model » 0.040S 

» 

1 


DRAWING NUMBER: 


VL70-00OM3 


DIMENSIONS; 


FULL-SCALE 


TOTAL DATA 


' Area- ft 

Planform 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dichcdral Angle, degrees 6 X/C=75. 331 
Incidence Angle, degrees 
Aerodynamic Twist, d^nrees 
Toe-In Anglo 
Cant Anglo 

Sweep Back Angles, degrees 
Leading Edge , 

Trailing Edge 
0,25 Element Line 
Chords ; 

Root (Wing Sta, 0.0) 

Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

' EXPOSED DATA 


2689.38 


77.17 

2.214 


X.1KL' 

0.209 


3.861 
3.000 • 


44.873 
-10. 2 'IT 
35.0S Q^ 

690.1 9 

1136.12 

JLZS.AA-, 

181.03 


Area- ft . 

Span, (equivalent! -ft. 

Aspect Ratio 
Taper Ratio 
Chords • in . 

Root 

Tip 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Leading Edge Cuff , , 
Planform Area - tt* 

L.E. Intersects His.OSta. 
L.E. Intersects hing 9 Sta. 


j746.87 
• S9.16 


562.77 

mT3ir: 

3?.Qu__ 


11 8S.17— 

291.S 6__ 

2S0.54 


121.42 

560.00 

103S.00 


MODEL SCALE 


4.411 


3.JL2S 

2~ 214 

_.C8bT'_ 

3.00 0' 


44.873 


__27..953__ 

JL6.013 _ 


7.330 


2jR65 

"2.3% 




^(LJLSX 
22.792 

-"STf-rr*" 

n,n)H __ 

"10.14/ 

0.199 
22 . SOO 
41. 9U' 














. 90 * 

LOOKZMO DOUBTRSAN 



c. Nacelle Pressure General Arrangement 
Figure ?. - Concluded. 

50 


a. Front View, Underwing ABPS Configuration 



b. Bottom View, Underwing ABPS Configuration 
Bl 1 1 8 ^ 3^3^! 0 

Figure 3. - Model Installation Photographs. 


51 




d. Rear View, Overwing ABPS Configuration 
^16^5^35^1^87^18^3^3X10 


Figure 3. - Continued. 
52 


I 



Bottom View, Overwing ABPS Configuration 

6C5D7^35''i%E] 0 



f. Front View, Nacelle J32 Configuration and 
Internal Pressure Rake Installation. 

Figure 3 . - Continued. 
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